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The Editor’s Page 


A Brilliant Interpreter of Science 


N the death of Dr. Artiur D. Little the world has lost one of its greatest 
I industrial chemists, and scientific research one of its clearest and ablest 

interpreters. ‘‘The Fifth Estate,’’? which he wrote and of which more 
than 500,000. copies have been sold, and his many contributions to the In- 
dustrial Bulletin of Arthur D. Little, Inec., remain as monuments to his 
unusual ability to interpret interestingly the abstruse findings of science. 
To those who realize the difficulties involved in popularizing science to the 
layman, Dr. Little’s ability in this connection overshadows at the moment 
his accomplishments as a chemist and the many. honors that he received in 
this and foreign countries. The laboratory of Arthur D. Little, Ine., which 
he founded in Cambridge, Mass., is probably the finest privately controlled 
research laboratory in the world. Born in Boston in 1863 Dr. Little was 
graduated from Massachusetts Institute of Technology in 1885, and was a 
member of the Corporation of M. I. T. at the time of his death at his 
summer home in Northeast Harbor, Me., August 1. Commenting on his 
death President Compton of M. I. T. said, ‘‘ American science has lost one 
of its most brilliant chemists and interpreters.’’ 


One Research Leads to Another 
Ts warp sizing research now in progress at Massachusetts Institute 


of Technology under the auspices of U. S. Institute, has already 

proved to be one of the most complicated of textile research prob- 
lems, involving as it does basic fibre properties; changes and variables 
introduced in these basic fibre properties by the processing to which they 
are subjected prior to slashing; the properties of the numerous sizing ma- 
terials, individually and in combination, that have been and might be uti- 
lized; the preparation and application of these materials to the warp under 
varying time, temperature, .viscosity, etc.; the moisture content of the sized 
warp and the maintenance of the proper moisture content after slashing 
and during weaving; prevention of mildewing and the formation of oxy- 
cellulose; the reduction of abrasion, undesirable tension and flexing during 
passage through the loom; easy removal of the size in the finisher’s pre- 
pare; and, in the case of rayon crépes, sizing that will improve the char- 
acter and uniformity of the pebble. And these are but a few of the prob- 
lems involved that come readily to the mind. 

The effect of warp sizing upon créping is mentioned intentionally, 
because it is one of several problems that are related to warp sizing, but 
that also require for their scientific solution research of a different char- 
acter. The study of créping problems starts with the yarn filaments and 
involves throwing, dyeing and finishing, with which processing warp sizing 
is but indirectly concerned. Scientific research is a comparatively new tool 
of the textile industry, and it is inevitable that the search for new basic 
knowledge of some one fibre or process may emphasize our lack of scientific 
knowledge of related factors. Or as George Bernard Shaw wittily writes, 
‘“Seience is always wrong; it never solves a problem without creating ten 
more. ’? 

(Editorials continued on page 482) 





Two-Tone Dyeing as Related to the 
Shape and Size of Silk Filaments 


By FRED A. MENNERICH* AND O. A. HOUGEN { 


Abstract 


The results of a previous investigation by the authors 
have been confirmed. It has been established that the 
size and shape of silk filaments are characteristic for 
different breeds of silk worms and that differences in size 
and shape account for a most troublesome cause of two- 
tone dyeing which cannot be corrected by chemical treat- 
ment, 


1. Differences in shape (diameter ratio) cause two- 
tone dyeing. 

2. Differences in size (mean diameter) cause two- 
tone dyeing. 

3. The larger filaments dye darker. 

4. The flatter filaments dye darker. 


Two-tone dyeing becomes noticeable when the differ- 
ence in diameter ratio (shape) exceeds .03 and difference 
in mean diameter (size) exceeds 0.7 micron. In grading 
40 ten-bale lots of raw silk according to filament shape 
and size, two-thirds were sufficiently uniform to show no 
two-tone dyeing within ten-bale lots, and one-quarter were 
sufficiently uniform to show no two-tone dyeing within 
or among ten-bale lots. 


Introduction 


N a previous paper’ the authors pointed out that the shape of silk fila- 
I ments had a profound influence on the resultant shade of dyeing and 

was a most important factor in two-tone dyeing. Copies of this paper 
were received by various members of the Raw Silk Committee of the Na- 
tional Association of Hosiery Manufacturers, but the results were not 
accepted and did not appear in the 1935 report of that committee.* For 
this reason the authors felt obliged to secure additional information to con- 
firm or refute their original conclusions. 

The term two-tone dyeing, as used in this paper, should come under a 
new subheading, Group ID—Filament Shape—of the Committee’s Report, 
and refers specifically to the differences in hue which appear in dyed silk 
stockings when viewed by reflected light against a black background, in con- 


* Microscopist and 7 Director of Laboratories, United States Testing Com- 
pany, Hoboken, N. J. 
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tradistinction to the differences in intensity of color when viewed by trans- 
mitted light against a white background. The latter are well known to be 
due to differences in denierage and in construction of yarn and fabric, rings 
being the most significant type. 

Despite all precautions taken in uniform soaking, tinting, machine 
adjustments, uniformity in yarn and stitch formation, classification ac- 
cording to natural color, feel, or hardness, and addition of selective wetting 
agents in the dye bath, two-tone persists in developing due to some in- 
herent quality of the raw silk. 


Original Investigation on Silk Hosiery 


In early investigations on this problem Mennerich found that the most 
important cause of two-tone dyeing, as defined above, was due to a differ- 
erce in shape of the silk filaments between the adjoining light and dark 
courses of silk.’ 

The results of these first tests are as follows: 


TABLE I 
Relation of Two-Tone Dyeing to Difference in Diameter Ratio 








s Light Dark AR 
Two-tone RL Rp Ri — Rp 





Extreme .682 .567 115 
Extreme .710 O77 133 
.702 .582 .120 
715 .644 .071 
.688 .648 .040 
.707 .705 .002 


R = Diameter Ratio = ratio of the minor to the major diameter of a filament at a given 
cross-section. 
AR = difference in diameter ratio = RL, — Rp. 
Ry = ratio in lighter yarn. 
Rp = ratio in darker yarn. 


Two outstanding facts were evident in this first investigation: 


1. The intensity of two-tone dyeing increased as the difference in diam- 
eter ratio increased and became noticeable for all differences ex- 
ceeding .04. 

2. It was found invariably that the filaments of greater diameter ratio 
dyed the lighter shade. That is, the flatter the filament the darker 
the shade. 


Except in rare instances, variation in shape is not noticeable to the eye 
by microscopic examination. The marked difference shown in the photo- 
micrographs of cross-sections in the first paper is of rare occurrence. 
Ordinarily the unlikeness is too slight to be noticed in cross-section except by 
statistical measurements, even though extremely visible as two-tone dyeing 
in knitted fabric. 

It is peculiar that two-tone dyeing is usually not noticeable when the 
light and dark dyeing silks are examined in skein form, whether in the raw, 
after tinting, or after boiling-off and dyeing. 
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Two-tone is usually noticeable only at the line of demarcation between 
adjacent light and dark panels. If a string is held so as to cover this line 
of demarcation the difference in hue seems to disappear. 


Factors Affecting Shape and Size of Filaments 


It has been recognized that silk from different breeds of silk worms, 
and different seasons and climatic conditions show characteristic dye ab- 
sorption. It was found by Mennerich? that silk filaments from different 
breeds and also from different districts possess characteristic shapes and 
_ that two-tone dyeing could be predicted from a knowledge of the measure- 
ments of diameter ratios. Experimental measurements of several breeds of 
silk grown in six districts of Japan revealed the following data (Table II 
and ITI).* 


TABLE II] 
Diameter Ratios of Cocoon Filaments 





White 


Yellow 
District Latitude Spring 
Spring Breed | Autumn Breed Breed No. 3 
No. 1 No. 2 





TABLE III 
Mean Diameters of Cocoon Filaments 
(In Microns) 


District Latitude Spring White | Autumn White} Spring Yellow 


North 11.2 
Central 11.9 
Central 12.5 
Central 11.8 
South 12.4 

11.9 





12.0 


These data show that for the particular cocoons tested the shape varied 
with the breed, and within the same breed of cocoons varied with the lati- 
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tude. Also it is apparent that the spring yellow silk is flatter than the 
spring white, and that the spring cocoon filaments are larger. 


Effect of Size and Shape of Filaments Upon Two-Tone 
Dyeing 

In continuing this investigation a large number of stockings showing 
two-tone dyeing were obtained from various sources including the Duffy 
Silk Company and the Berkshire Mills. In analyzing the causes of two- 
tone dyeing in these stockings it was found that differences in shape ac- 
counted for only 65% of the cases and that another less important factor 
entered the picture, namely, the size or mean diameter of filaments. 

In Table IV are shown the results of measurements of shape and size 
of silk filaments where no two-tone dyeing was present. In these cases the 
differences in diameters and diameter ratios are negligible and no two- 
tone results. 


TaBLE IV 
Shape and Size of Filaments in Adjoining Panels Which Show No Two-Tone 


Diameter Ratio Mean Diameter 


Panel No. 1 Panel No. 2 Panel No. 1 Panel No. 2 


(Microns) 


707 : 

631 623 
631 .609 
661 655 
.661 659 
677 .661 
.677 .660 
.679 .672 
.679 663 


11.0 
11.2 
11.3 
11.2 
11.5 
11.4 
11.5 
11.4 


Pe tae peek feet fred fed fre feet fet 
eee a ee oe 
S100 1 WD Or 0100 
tat 9 tet He et G0 Go Se 


In Table V are recorded the results of the analysis of 20 stockings 
where marked two-tone was present. 

Such remarkable consistency, with no relation existing between shape 
and size, points conclusively to the significance of these measurements as 
an indication of two-tone dyeing, and that the shape and size of the fila- 
ments are indicative of the true inherent quality of silk. 

Taking a difference in diameter ratio of 0.03 as sufficient to produce 
two-tone dyeing, it will be seen that the consistency of results is 65%. If 
a difference in mean diameter of 0.7 micron is taken as sufficient to produce 
two-tone dyeing, the consistency is 45%. When both differences are con- 
sidered, 0.03 for diameter ratio and 0.7 micron for mean diameter, the con- 
sistency is 90%. 

When all the variables involved and many other possible causes of two- 
tone are considered, the remarkable consistencies seem to prove conclusively 
that the shape and size of the filaments are characteristic for different lots 
of silk and markedly affect the shade of dyeing. 
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TABLE V 


Shape and Size of Filaments in Adjoining Panels Which Show Varying 
Degrees of Two-Tone 





Mean Diameter 


Diameter Ratio 
Stocking Light Dark 
No. (Microns) 


Da 





lad aeted ea eee 
WWWNNWWWW 
WOK WOK ROE 


i) 


—— 
ww 
door 


1 
1 
1 
1 
1 
1 
1 
1 


NNN WN wo 


PRO 


‘631 ‘627 : 10.5 


The data in Table V are noteworthy and consistent in two respects: 


1, Shape. In every instance the flatter filaments (smaller diameter 
ratio) dyed darker. 

2. Size. In every case the larger filaments (larger mean diameter) 
dyed darker. 


Relation of Two-Tone Dyeing to Other Properties of Silk 


From a limited number of observations, two-tone dyeing showed no 
consistent relationship to: 


. Feel of raw silk skeins. 

. Color of raw silk skeins. 

. Hardness as determined by incline plane serigraph. 
. Exfoliation of raw silk. 


The data supporting these statements are recorded in Tables VI and 
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TABLE VI 
Two-Tone Dyeing and Other Properties of Silk 





Shade Color 
of Raw Hardness * Two-tone 


of 
Dyeing Silk 





Dark Light Hard ees 
Light Dark Very hard Marked 


Dark Cream — Soft ; 
Light White a8 Hard Marked 


Dark Dark Soft Hard Very 
Light Light Hard Hard slight 


— - Hard Very hard 
_ —- Soft Very hard 


Hard Soft 
Hard Hard 


None 
None 
* As measured by the incline plane serigraph. 


TasBLe VII 
Relation of Other Properties of Silk Filaments 








Hardness Degree Freedom Tenacity Diameter Mean Diameter 
(Sq. Cm.) from Exfoliation (Grams/Denier) Ratio (Microns) 


7.67 . 663 11.3 
8.23 : .687 11.4 
8.32 : 646 10.8 
8.43 ; .640 11.8 
8.64 . 634 11.6 
8.70 ; 652 11.2 
8.74 , .602 11.1 
8.83 .641 10.5 
8.92 .672 11.8 
645 11.5 
.680 12.5 
.632 11.9 
.679 11.5 
.612 10.9 
661 11.2 
095 10.4 
.624 10.8 
.628 10.7 
.644 11.9 
.637 11.0 
.633 11.8 
617 10.8 
.622 12.3 
.677 12.0 
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Attempts were made to discover some relationship among all possible 
combinations of these five properties. No relationship whatsoever was 
found between any two of these properties: hardness, tenacity, mean diam- 
eter, diameter ratio, and exfoliation. 


Shape and Size of Filaments Within and Among Ten-Bale 
Lots of Raw Silk 


Forty ten-bale lots were examined to determine the average shape and 
size of the filaments and their variations within and among different lots. 
The summarized results, based on more than 50,000 measurements, are as 
follows: 


On Diameter Ratio: 
Average value 
Bale with lowest ratio 
Bale with highest ratio 
Average extreme variation within a ten-bale lot ... 
Average difference within a ten-bale lot 
Extreme variation among ten-bale lots 


On Mean Diameter: 

Average value 11.6 microns 
Bale with lowest mean diameter ss 
Bale with highest mean diameter 

Average difference within a ten-bale lot .. 
Average extreme variation within a ten-bale 

lot 
Extreme variation among ten-bale lots ... 


éé 
‘é 


On the basis that a difference in diameter ratio of 0.03, or a difference 
in mean diameter of 0.7 micron is sufficient to cause two-tone dyeing, it 
was found that of the 40 lots examined, two-thirds could be selected as 
showing no two-tone within ten-bale lots. One-fourth of the lots could be 
chosen as showing no two-tone either within the same lot or among dif- 
ferent lots. 


Conclusions 

1. The inherent cause of two-tone dyeing is due to differences 
in shape and size of the silk filaments in adjoining sections of 
fabric. . 

2. The flatter and larger filaments dye darker than the 
rounder and smaller filaments. 

3. A difference of 0.03 in diameter ratio or a difference of 0.7 
micron in mean diameter is sufficient to produce two-tone dyeing. 

4. Silk from different breeds, and possibly from various sea- 
sons and districts, are characterized by a difference in shape and 
size of the filaments. 
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5. No consistent relation was found between two-tone dyeing 
and other properties, such as color of raw silk, feel, hardness and 


exfoliation. 
6. No relationship was found among such properties of raw 
silk as diameter ratio, mean diameter, exfoliation, hardness and 


tenacity. 

7. By grading raw silk according to shape and size of fila- 
ments, two-tone can be minimized if ten-bale lots are so selected 
as to show a variation of less than 0.03 in diameter ratio and 0.7 
micron in mean diameter. By routing ten-bale lots in throwing 
so that consecutive lots do not exceed this variation, about two- 
thirds of all lots can be used with nearly complete elimination 
of inherent two-tone dyeing. 
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(Editorals continued from page 474) 


Co-ordinated Cotton Research 


F the breeding of new types of cotton had no other objective than the 
I development for spinning of superior fibre properties, and if the de- 

sirable fibre properties for various commercial yarns could be clearly 
defined, it would have been unnecessary for the Egyptian Ministry of Agri- 
culture to supplement its experimental cotton breeding farm at Giza with 
a testing laboratory for the spinning of new types of cotton under con- 
trolled conditions. In this and foreign countries new scientific knowledge 
of cotton fibre properties is being created, correlated with yarn properties 
and defined. Most elusive of clear definition are those fibre properties 
commonly termed ‘‘character.’’ Notable work of this character has been 
done by Osborne, Steinberger and Sisson, fellows of the Textile Foundation, 
by research at Massachusetts Institute of Technology and in the laboratory 
of the Cotton Marketing Division of the U. S. Dept. of Agriculture. 

The co-ordination of cotton breeding and the actual spinning and test- 
ing of new cottons at Giza is referred to because, pending the closer cor- 
relation and defining of fibre and yarn properties, it provides a logical and 
simplified program for governmental effort that should prove equally result- 
ful for both cotton growers and spinners, and should also be far more 
economical than the present scattered and unco-ordinated work of Federal 
and State agricultural departments. 


(Editorials continued on page 492) 





The Relation of Orientation to Phys- 
ical Properties of Cottons 
and Rayons 


By D. R. MOREY * 


Summary 


By using a spectrophotometer to indicate the polari- 
zation of fluorescent light from dyed fibres, it is possible 
to measure at one time the average orientation over hun- 
dreds of fibres, in contrast to the microscopic areas previ- 
ously investigated. 

Applying the method to cottons, a correlation is 
found between the observed orientation value and tensile 
strength. Results are more conclusive on rayons, and 
show a definite relation between orientation and physical 
properties when it is certain that orientation is the only 
quantity being varied. This relation is extremely sensi- 
tive to other variables, some of which are not easily 
recognized or isolated. Therefore great caution must at- 
tend any attempt to generalize the effect or role of ori- 
entation. 

It is suggested that a process of orientation affects 
the physical properties not only through increasing the 
contact area between micelles, but also by rearranging 
and changing the potential energy of the more amorphous 
material between the regions of good regularity (micelles). 

The anomalous behavior of the method with delustered 
rayons, and its behavior with different dyes, are discussed. 


Mass Orientation Measurement 


HE orientation of certain dye particles on cellulose fibres has proven 
T to be a measure of the micellar orientation, yielding results in accord 

with our knowledge of fibres obtained by other independent methods.* 
The applicability of the dye alignment method to the study of fibres by 
means of a specially adapted microscope has been a virtue so far as a de- 
tailed study of single fibres is concerned. However, for the measurement 
of the average orientation over large numbers of fibres, this has been a dis- 
advantage, for the task of making a large number of measurements is quite 
time consuming. The desirability of a more efficient way of obtaining an 


* Dr. Morey, as a senior fellow of the Textile Foundation, worked under 
the direction of Prof. Ernest Merritt, Dept. of Physics, Cornell University, 


Ithaca, N. Y 
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average orientation value over a considerable number of fibres, in the hope 
that such a value might be correlated with the average physical properties 
of a group of fibres, was pointed out by Dr. C. M. Conrad, cotton tech- 
nologist with the U. S. Dept. of Agriculture. An effort to find a means to 
this end has resulted in a method based on the use of a Kénig-Martens 
spectrophotometer. 

This is an instrument used for the visual measurement of light absorp- 
tion bands in liquids. Without going into the optics of the matter, we may 
sum up its application to our problem of ‘‘mass orientation measurement’? 
by saying that the optical principles upon which it depends permit its use 
in a different manner after appropriate changes in technique. It can be 
made to measure polarization of light.* The reader’will recall that the 
polarization of the fluorescence of dyed fibres is an indication of orientation. 


The Technique Employed 


The fibres, dyed with Thioflavine S, are combed out and mounted 
parallel on a glass slide. Since the effective aperture, or area from which 
light is analyzed, is about 14 sq. em., the mat of fibres should be at least 
that size. The fibres lie in close contact with each other in the mat, so that 
several hundred of them enter into the measurement. The fibres are im- 
mersed in mineral oil, or other non-fluorescing mounting medium, topped 
with a cover glass, and the slide mounted in a holder before the double lens 
of the spectrophotometer. The fluorescence is excited by ultra violet from 
@ mercury are. 

The actual measurements are quite simple, and consist of setting an 
analyzer so that two halves of a field are equal in intensity.* When the 


specimen is in place, the angle of match has a value designated by 4. The 
index used to express orientation is obtained from the formula: 


cot? 6, tan? 6. — 1 
Index of orientation = ——————————- 100. 
cot? Oy tan? 6. + 2 


The angle @ is the angle of match obtained when unpolarized light enters 
the instrument, and is a constant. This expression corresponds to the ex- 
Ix — Iy 
pression ———— X 100 used in previous work." 
Ix+ 2Iy 
Since the readings of 6, are easily made, and since the index of the 
degree of alignment can be read directly from a graph when 6) is known, 
the only difficult part of the whole procedure is the parallelizing and mount- 
ing of the fibres on the slide. The better the fibres are paralleled and 
straightened, the higher is the index of alignment for that particular 
sample. The observed reading is thus a combination of alignment within 
the fibres and alignment of the fibres themselves. Thus, the index has little 
meaning when applied to a single sample, but is of value in comparing dif- 
ferent samples provided the samples are combed and straightened to the 
same degree.t It is a difficult matter to get the samples combed and 
*To average out effects of variation of intensity over the surface of the 
sample, readings are taken with the slide in the four possible positions which 
still — the fibres perpendicular to the dividing line of the biprism. 
am very much indebted to Mr. H. B. Richardson, of the Division of 


7I 
Cotton Marketing, U. S. Dept. of Agriculture, who devoted much effort to the 
preparation of the samples. 
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straightened to the same degree; thus errors of considerable size are un- 
avoidably introduced. As we shall see later, this difficulty is not present 
when working with continuous rayon yarns, but until a mechanical tech- 
nique is devised which will insure that the cotton fibres are parallel and 
straight, the results on cotton must be regarded as approximate only. 


Results on Cottons 


In Table 1 are the results obtained on some cottons furnished through 
the co-operation of Dr. Conrad and Mr. Richardson. The first column is 
the list of samples; columns headed A and B refer to the alignment values 


TABLE 1 








B (%) Ave. Strength (Ibs./sq. in.) 


19.2 | 101,000 

13.8 87,000 
80,000 

77,700 
75,000 
66,900 








obtained with the spectrophotometer on two slides of each cotton. The 
variation between A and B is an indication of how the parallelism may 
vary from one combing to another. The last column gives the breaking 
load of the fibres in Ibs./sq. in., as obtained by the Chandler bundle method.? 
We see that there is a correlation between strength and alignment index 
for larger values of the index. The lack of complete correlation for some 
samples might disappear if the accuracy of the experiment could be in- 
creased. However, we should not overlook the possibility that the lack of 
correlation for some samples is a real phenomenon, for it is a very pertinent 
question to ask just what properties of the fibres are indicated by the per 
cent values (neglecting the effects of incomplete combing). 

Since the dye particles are attached to the micellar surfaces, the index 
is affected by the degree of parallelism of any particular micelle to its 
neighbor. But the coarser features of the fibre also play a part. For in- 
stance, the arrangement of the fibrils in spirals of varying pitch and diree- 
tion affects the observed alignment values. The arrangement of the fibrils 
in concentric layers or growth rings plays a part. The irregular twists 
and convolutions which develop as the fibre matures play a part; and finally 
we must include the effects of the deformed areas around pits, cracks and 
nodes. The index (it cannot be called micellar orientation in this case) 
is, then, a complicated summation or integration of all these things over 
all the fibres. It is evident that the index is not the measure of a single 
variable but a function of several, the theoretical separation of which pre- 
sents great difficulties. We do better not to attempt an analysis, but to 
accept the result as a number to be correlated empirically with other data 
and then used as an additional or substitute index. 
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Results on Staple Rayon 


Along with the cotton samples of Table 1, Dr. Conrad included two 
bundles of staple rayon which were put through the same combing tech- 
nique. The results are presented in Table 2. 


TABLE 2 


Sample A (%) B(% ‘ Strength (Ibs./sq. in.) 


f 40,800 
45.9 ; 33,500 


These results are extremely interesting. As before, we see that the 
higher strength corresponds to the higher alignment. But the values have 
no connection with or relation to those on cotton in Table 1. Although the 
index is obtained by the same process, it is not measuring the same thing it 
measured in cotton. The index now more closely measures micellar orienta- 
tion. (As before, we are neglecting the effects of incomplete combing.) 
The effects of fibrils, layers, convolutions and nodes are no longer present. 
On the other hand, we now have to deal with some variables which are not 
present in the case of cottons. It is evident that a knowledge of orienta- 
tion can be valuable when other related variables are accounted for, but 
such knowledge alone without supplementary information is not worth much. 


Results on Rayons of Differing Physical Properties 


This ‘‘bulk’’ or ‘‘mass’’ method of measuring orientation has also 
been applied to continuous filament rayons. The difficulties of mounting 
and parallelizing the sample are no longer present, fer, after dyeing, the 
yarn is simply wound around a glass slide with each turn of the yarn in 
close contact with the last one. As a consequence, the index more closely 
represents the actual orientation. If a high twist is in the yarn, it should 
be removed as the yarn is wound on the slide. The sample on the slide is 
then thoroughly soaked in mineral oil, cover glasses applied to both sides, 
and mounted before the aperture. In Table 3 are the results obtained on a 
number of viscose rayons which were made available for use through the 
kindness of Dr. A. Stuart Hunter of the du Pont Rayon Co. Without these 
samples, and data on their physical properties, which Dr. Hunter also pro- 
vided, the work on rayons would have been much less fruitful. 

There is much of interest in these data, and the accuracy of the fig- . 
ures permits the establishment of some very definite conclusions. Exami- 
nation of the first two rows shows that rayons Nos. 1 and 2 are quite 
similar in all their properties except in the amounts of surface area. No. 
2 has 100 filaments to 40 in No. 1 and has approximately 114 times the 
surface area of No. 1. Since the measured orientations of the two samples 
are equal within experimental error, we conclude that there is no difference 
in orientation of the surface and interior parts of the filaments; in other 
words, there is no ‘‘skin effect’’ in the case of these two rayons. 

Turning to the third row, sample No. 7, we see that it is a better 
oriented viscose than Nos. 1 and 2, and this fact is reflected very markedly 
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TABLE 3 




















Tenacity gms./den. % Elongation at break 
Viscose, N 
No. Or. 
Dry Wet Dry Wet 
1, 100/40 55 1.66 75 22.7 24.8 
2, 100/100 54 1.67 .73 21.8 21.7 
7, 100/40 73 3.03 1.74 13.1 15.3 
5, 150/40 46 1.65 75 21.7 18.7 
6, 150/40 58 1.50 63 | 13.6 1.2 
12, 275/250 60 2.90 1.51 7.8 8.2 
11, 120/100 70 4.45 3.34 6.2 6.9 
13, 290/130 80 2.62 1.55 9.1 10.7 











in its physical properties. We notice that the strength is much greater, 
both in the wet and dry condition. While the dry strength has been in- 
creased 83% (over sample No. 1), the wet strength has gone up 132%. 
This is to be expected on the basis of the micellar theory, for better align- 
ment increases the area of contact and strength of binding between micelles, 
thus making it more difficult for water to cover their surfaces and weaken 
their attractions for each other. The micellar theory also accounts for the 
greater percentage elongation of No. 1 than No. 7, for the first part of the 
extension concerns itself with bringing the micelles into better alignment. 

Whereas samples Nos. 1, 2 and 7 were spun from similar solutions, 
No. 5 was spun from partially ripened viscose and No. 6 was spun from 
viscose completely ripened. The physical properties of No. 5 closely parallel 
those of No. 1, yet the orientation is lower. In sample No. 6, we have a 
somewhat greater orientation than in 1, but a lower strength. These facts, 
and others given later in this report, are completely at variance with the 
generally accepted axiom that orientation and strength go hand in hand. 
This axiom is too often stated loosely and treated as a broad generality 
applicable to all cases. It is evident that there are basic factors which 
may affect one of these properties in a much different way than the other, 
and it is dangerous to assume implicitly the truth of the axiom or to gen- 
eralize it. The axiom is true only for those cases wherein other related 
factors are constant. 

Rayons Nos. 12 and 11 are ‘‘Crown’’ and ‘‘Sedura’’ respectively. 
They have remarkable strengths, and both the orientation index and the 
physical properties indicate high orientation. The rayons being of the 
same type give us some justification for assuming that one reason for the 
increased strength of No. 11 over 12 is the increased orientation. How- 
ever, it is evident that the part played by orientation here is only a minor 
one, for the increase from 60% to 70% is not sufficient to explain the 
large increase in strength, particularly in the case of the wet sample. 

When we compare the data of No. 12 and No. 11 with those of Nos. 
1, 2 and 7, we see that the more basie factors, which determine the orienta- 
tion and strength, vary from one type of manufacture to another and com- 
pletely alter the slope and scale of the strength-orientation relation. A 
more striking illustration of this is furnished by sample No. 13, which is a 
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Furness yarn, ‘‘made by a continuous spinning process wherein the yarn is 
spun, collected on a bobbin, purified and dried without at any time allowing 
its release. A superficial examination of this sample shows evidence of 
its having been held under a high tension throughout its entire life in 
that it is completely free of any degree of crinkles which are usually char- 
acteristic of yarns which have been dried under conditions which allow a 
certain release of internal tension.’? * 

The orientation index of this sample was found to be 80%. This 
seemed so high that the sample was checked with an X-ray diffraction 
photograph, and the high value substantiated. The strength, however, is 
lower than that of the ‘‘Crown’’ and ‘‘Sedura’’ yarns, indicating again 
the dependence of any strength-orientation relation on more fundamental 
factors which must be completely known or held constant before the rela- 
tion is of value. 


Underlying Strength Factors 


In order to discuss these underlying factors upon which the strength 
of the cellulose fibre depends, we must state what is meant by ‘‘micelle.’’ 
The micelle was originally proposed by Naegeli, 1858, as a submicroscopic, 
rod-shaped crystalline body, and was proposed in order to explain why 
cellulose fibres are doubly refractive and why they possess their charac- 
teristic swelling properties. The micelles were thought to be embedded 
in amorphous material. It is natural that, as the structure of cellulose 
fibres was revealed, the picture of the micelle became modified and adapted 
to the more definite knowledge at hand. We no longer can regard the 
micellé as a very discrete, separate, sharply defined rod, but are forced 
by the newer knowledge to regard it as a portion of cellulose where the 
long chains are attached to each other in a more parallel and regular man- 
ner than in other portions. Since the X-ray diffraction spots from cellu- 
lose, although not as sharp as those obtained from inorganic crystals, are 
much better defined than the rings from liquids, several planes with the 
same spacing must be defining any particular diffracted beam, and the 
crystalline unit must therefore contain an appreciable number of chains. 
Since the lateral swelling of a fibre is much greater than that along the axis, 
it is probable that the unit which accounts for the swelling is much longer 
in the axial direction than in the transverse direction. The constancy of 
the X-ray pattern upon swelling with water is a partial proof that the 
units responsible for the crystalline properties are also the units responsible 
for the swelling. A further proof of this is the fact that direct dyes, 
carried into the fibre with the aid of the swelling action’ of water, attach 
themselves to units in the structure which have the identical orientation 
properties that are observed by experiments based on the crystalline prop- 
erties. 

It is not to be expected that the laying down of the cellulose chains 
during growth proceeds smoothly, placing one chain against another in 
endless perfect crystallinity. There are ample explanations of why the 
regularity should be disturbed at intervals: the appearance of materials 
other than cellulose; mechanical disturbances; secondary structure in ecrys- 
tals. Places of regularity thus merge into regions of irregularity where 
the chains are in distorted and jumbled-up positions, and where substances 
other than cellulose may be present. The regions of regularity are the 
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crystalline micelles; the intervening material forms an amorphous matrix. 
The micelles are regions of good arrangement and strong inter-chain forces, 
and are more firmly knitted internally than other regions. It is therefore 
natural that the micelle should act as a unit under stress, and that the point 
of disarray should be the first to yield under mechanical or chemical attack. 
Thus the micellar surfaces, and the materials bound irregularly to them, 
are the origins of mechanical, swelling and dyeing phenomena. 

All these considerations are intended to apply equally well to rayons 
and natural fibres. Although it appears fairly certain that the original 
micelles in the natural cellulose used as raw material for rayons are broken 
up, perhaps into single chains,* these chains are regrouped in the filament 
into larger units having all the micellar characteristics just described. 

We may regard the force holding two chains together as proportional 
to the lengths in contact; and, similarly, the force between two micelles 
may be assumed proportional to the area of contact. If we increase the 
contact area by mechanically aligning the micelles, the strength should 
rise. This is the primary way in which orientation is related to strength, 
but even here other factors enter in. For example, it does not give any 
information about the effect of particle size on strength. This important 
factor is illustrated by the loss in strength of cellulose which has been 
subjected to oxidation or other severe attack. The viscosity of such de- 
graded celluloses indicates a shorter chain length, and hence smaller contact 
area per micelle. 

The forces between chains and micelles are thought to arise chiefly 
in the hydroxyl groups, although others may be active. Certainly, marked 
changes in physical properties occur when the hydroxyls are replaced. The 
strength of a cellulose also depends on the extent to which water or other 
material is adsorbed on the active groups. The idea of regarding the bind- 
ing force between micelles as localized to their surfaces is incomplete, be- 
cause the nature and amount of the material between the well organized 
chain groups must play an important part. This material is very likely to 
contain short, irregularly placed chains as well as substances other than 
cellulose. It is probable that many of the micelles are linked not directly 
to each other but through this intermediate material. A process of orien- 
tation, then, has greater significance than simple contacting of micelles. 
It must necessitate a rearranging of this material, with a possible change 
in its internal resistance to shear and its binding to the micellar surface. 

We must therefore conclude that orientation involves several as yet 
little understood factors, and that its rdle as an index of tensile strength, 
except in certain limited cases, is a minor one for the obvious reason that 

; * “Actual measurements of particle size have indicated the presence of par- 
ticles as fine as single chains. . . . When the spinning solution is forced through 
the fine holes in the spinnerette into the coagulating medium, a considerable 
amount of ‘ recrystallization’ or reformation into micellae occurs.” H. De Witt 
pg Some Aspects of the Structure and Properties of the Rayons, A. 8S. T. 

‘thins. Where true intramicellar swelling by a solvent occurs therefore it is 
probable that in solution the original micelle is penetrated and largely disrupted 
by solvent molecules. On cooling to organo-gel formation, on precipitation by 
non-solvents, or by evaporation, micelles are regenerated, but frequently with 
an altered lattice structure.” S. E. Sheppard on the Structure of Xerogels of 
Cellulose, Trans. Far. Soc. 29, 84 (1933). 

“It is possible that the three hydroxyl groups of each element of a prin- 
cipal valency chain differ in activity and that the micelle breaks up gradually. 

Probably all these bindings are destroyed and a molecular disperson formed in 


tigdoy solutions.’”’ Abstract on Liepatoff and Krotowa, J. 7. I. 26, A186 
oO). 
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tensile strength is also conditioned by a number of other independent 
variables. 


Unusual Features of this Dye Orientation Method 


With delustered yarns, the values obtained are very low and do not 
indicate the true orientation. Dr. Hunter has suggested that the fluores- 
cent light, before emerging from the filament, is scattered by the par- 
ticles of delusterant, and becomes depolarized. All indications point to 
this as the correct explanation. The phenomenon is illustrated by the data 
of Table 4. 


TABLE 4 


Viscose, No. Delusterant Orientation Index (%) 
oil 44 
oil 42 
semi-solid 10 
pigment 
10, 150/40 TiO, 8 
, 150/40 TiO, & oil 7 


The many surfaces presented by the filaments in a yarn also have a 
considerable depolarizing effect unless a mounting medium, of refractive 
index equal or close to that of the rayon, is used. 

The relatively large amount of material which is examined and aver- 
aged by a single set of readings gives the spectrophotometer a marked 
advantage over the methods based on measurement of refractive indices, 
phase differences or X-ray diffraction arcs. From 100 to 200 times more 
material covers the spectrophotometer aperture than is usually placed at the 
collimator of an X-ray camera. 

Although variations are still found with different samples from the 
same skein, they are much smaller than the variations over different micro- 
scopic areas observed with the photometer microscope. Results on rayons 
Nos. 1 to 7 have already been reported by this latter method,’ and the 
only correlation found was the increase of orientation of sample No. 7. 
These results are so much at variance with those obtained by the ‘‘bulk’’ 
method that a new set of measurements has been made with the microscope 
as a check. The new values differ from the old, but there is no better 
correlation than before. The variation of orientation along the filaments 
of these samples must be high enough to prevent ten or twelve small areas 
selected at random from being sufficiently representative. 


Numerical Scale of Index Varies with Type of Dye 


It was previously observed that a number of different dyes on ramie 
emitted polarized fluorescence with the plane of polarization in the same 
direction relative to the fibre axis, regardless of the dye. This experimental 
fact was interpreted to mean that in each case the fluorescent mechanism 
was located in the molecule at a constant direction to the attractive mecha- 
nism which held the dye to the micelle. Additional evidence has now arisen 
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to show that this interpretation is not correct and that the relative direc- 
tion of one mechanism to the other does depend on the chemical constitu- 
tion of the molecule. The constancy of polarization direction may be ex- 
plained by assuming the micelles (and the dye particles on their surfaces) 
to be rotated about their own axes to all possible positions around the 
fibre axis. That is, the micelles show axial orientation only with respect 
to the fibre axis. This sort of arrangement is precisely that which yields the 
rotation or fibre X-ray diagrams. In such a system it can be shown that 
the sum of the components of the separate polarized radiations is gither a 
maximum or minimum in the axial direction. In a dyed fibre, with micelles 
in perfect alignment, the angle between the axis and the electric vectors 
determines the percentage polarization to be observed from the fibre. If 
the angle is zero, the polarization will be 100%; if the angle is 45°, polari- 
zation zero. For angles from 45° to 90°, the polarization will rise to 
100%, but in a transverse direction. Table 5 lists the index values of 
rayon No. 1, dyed with different dyes. 


TABLE 5 








Fluorescence 
oy : 
Dye Type Index (%) Intensity 





Diazo Yellow 2G (G.D.C.)........} Direct 61+2 10 

Primuline (DuP) Direct 55 13 

Thioflavine S (DuP) Direct 53 14 

Pontamine Fast Fellow NNL.....| Direct 48 

Ponsol Flavone GC double powder| Vat 43 

Sulfanthrene Yellow R paste Vat 39 

Pontamine Fast Yellow WBF Direct 35 

Pontamine Fast Yellow BBL Direct 34 

Ponsol Yellow GGK paste Vat 28 

Sulfogene Yellow GA (DuP) Sulfur 26 

Geranine GL (direct), topped with 
Thioflavine TCN (basic)....... 13 

Ponsol Yellow G double powder....| Vat 10 


It might be argued that the variation is due, not to the internal position 
of the fluorescent mechanism, but to varying degrees of ability of the dye 
particle to hold to the micelles and imitate their alignment. It is difficult 
to rule out this explanation conclusively, but a point in its disfavor is 
found in the fact that some very fast dyes appear in the lower part of the 
list. 

Thioflavine S is considered the best dye for this use because, in ad- 
dition to standing well up in this list, its fluorescence is very strong and 
falls in the region of maximum spectral sensitivity for the eye. 

For the examination and comparison of different materials, the same 
dye must be used. The choice of the dye merely determines the numerical 
scale on which the values will fall. Thus, if two rayons give 60% and 
30% with Thioflavine S, we would expect the values with Pontamine Fast 
Yellow WBF to be something like 40% and 20%. The higher scale should 
be chosen, since the errors in the readings are proportionally lower. 
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The success of these experiments is due entirely to the splendid cooperation 
of Dr. Conrad and Mr. Richardson in supplying and preparing the cotton sam- 
ples; of Dr. Hunter in sending the rayons, and of Dr. Rose and Mr. Slowinske, 
of the DuPont Technical Laboratory, in furnishing dyes. Moreover, the fur- 
nishing of these various samples has been only a part of this cooperation, for 
it would have been impossible otherwise to gather the supplementary informa- 
tion about these materials which these gentlemen were able to give, and which 
forms so vital a part of the whole. 
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(Editorials continued from page 482) 


Ridiculous; but not Research 


aad hers replacement of wool sorters and valuers by arriving at a mathe- 
matical determination and meaning of the quality of wool’’ is 
stated in a recently published despatch in the Daily News Record 
to have been predicted by Dr. Howell Wilsdon of the British Wool Indus- 
tries Research Association, who is also reported to be about to embark on 
research along these lines. Research men in this country have made marked 
progress in developing methods for wool quality determination, but mills 
making use of these refined methods for checking wool quality employ just 
as many sorters as ever, and will continue to. 

It is true that Dr. W. Lawrence Balls has envisioned as a possibility the 
development of what he terms a ‘‘ fractionation machine’’ for automatically 
sorting cotton by fineness and length (correlated properties); but the 
adaptation of such a machine to the sorting of wool ‘‘by arriving at a 
mathematical determination’’ would require its combination with Dr. Bush’s 
complicated but marvelous integrating machine. Seriously, however, the 
prediction ascribed to Dr. Wilsdon was not in quotation marks, and did not 
involve completed research; therefore it is not research that is made to 
appear ridiculous, but Dr. Wilsdon. 





The Adsorption of Carbon Dioxide 
and of Water Vapor by Paper Pulp 


By DONOVAN D. J. SALLEY * 


Isotherms for the adsorption of carbon dioxide and 
of water vapor by two paper pulp samples, one slightly 
beaten and one well beaten, have been observed over a 
range of temperatures. Heats of adsorption and area of 
surface concerned have been calculated. For water vapor, 
the heats of adsorption and the surface area are essentially 
equal for both pulps. For carbon dioxide, the heat of 
adsorption is greater and the area is smaller for the well 
beaten than for the slightly beaten pulp. 


HE adsorption of water vapor and of carbon dioxide by cellulose has 
T been investigated in this work in order to gain information about the 

area and character of the cellulose surface. The practical and theo- 
retical importance of the surface properties of cellulose is well recognized. 
Mark * has pointed out, for example, that, in the paper pulp beating process, 
possible changes in the size and in the chemical behavior of the surface 
must be examined in order to arrive at a reasonable explanation of this 
important problem. 

In quite a different connection, surface area and character are of 
interest. Thus, from the present day concept of the micellar structure of 
cellulose, two types of chemical reaction are conceivable: (a) reaction at 
the surface of the micelle, and (b) reaction inside the micelle.? Any reac- 
tion of type (a) between cellulose and a gaseous or liquid reagent will be a 
typical heterogeneous process. As such, the first step must involve adsorp- 
tion of the reacting molecule at favorable points on the surface, with inter- 
action following as the second step. A complete knowledge of the adsorp- 
tion process, its speed, its energetics, and the surface available, is conse- 
quently indispensable to the solution of such reactions. 

Of special interest in this connection are deterioration problems. As 
has been pointed out,’ atmospheric deterioration is chiefly a process of at- 
mospheriec oxidation. Tendering of a fibre is to be expected when an oxygen 
molecule attacks the surface atoms or groups of the cellulose, thereby 
weakening the residual valencies which hold the micelles together and give 
strength to the fibre. This reaction, therefore, falls under the type (a), and 
consequently must be treated from the viewpoint indicated. Furthermore, 
those processes, such as mercerization, incorporation of impurities, ete., 
which tend to alter the surface, and which thereby affect the adsorption 
process, will obviously exert a corresponding influence on the deterioration 


* Dr. Salley, as a Senior Fellow of the Textile Foundation, worked under 
the direction of Dr. H. Mark, University of Vienna. 
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itself. All such effects must be investigated if deterioration of cellulose is 
to be successfully controlled. 


The General Adsorption Theory 


The development of the theory of adsorption of gases by solids permits 
the separation and evaluation of the two important factors: (1) the ares 
of the surface involved, and (2) the affinity with which the adsorbed mole- 
cules are attached to the surface. This latter, the heat of adsorption, de- 
scribes the energy characteristics of the surface in relation to the adsorbed 
molecule. The application of the theory to cellulose surfaces has been indi- 
cated by Mark,‘ and therefore only the general adsorption theory will be 
outlined here. 

As is well known, when an adsorbable gas is brought in contact with a 
solid surface at constant temperature, the amount of gas taken up increases 
at first directly with the pressure. At sufficiently high pressures, the ad- 
sorbed quantity is independent of pressure: a saturation of the surface has 
been achieved. Between these two limits the adsorption isotherm is curved, 
indicating that variation in the amount adsorbed is intermediate to the two 
extremes. 

In the first portion of the isotherm, where the adsorbed amount is 
directly proportional to the concentration, the adsorbed molecules are rela- 
tively far apart from one another, and no interaction effects occur between 
them. This is known as the region of ‘‘weak’’ or ‘‘dilute’’ adsorption, 
and it can be described mathematically, 


Ng 


Naas = —-A-d-e/T (1) 
Vv 
where Naas = number of molecules adsorbed 


Ng 
— +=coneentration of molecules in the 


v gas phase 

€ average molecular heat of adsorption 

A effective surface area 

d -radius of action of the adsorptive 
forces 


The factor A-d in the above equation is conceived as an adsorption volume. 
A molecule is considered to be adsorbed when its center lies in a layer of 
thickness d, parallel to the surface of the solid.* ; 

In order to separate the area factor and the energy factor, the loga- 
rithm of (1) is taken: 


M r 
log — = log A-d+— 
€ RT 


*If the adsorptive forces which bind the molecule to the surface extend 
perpendicularly out to a distance ‘“‘a” from the surface, and if “r” is the 
radius of the molecule, then a r=d; for the center of the molecule cannot 
approach nearer to the surface than its radius and it is no longer adsorbed 
when its center is at a distance greater than ‘a’ from the surface. See Dohse 
and Mark, “Die Adsorption von Gasen und Diimpfen an festen Ké6rpern,* 
Hand- und Jahrbuch der Chem. Physik, I Teil, Abschnitt 1, p. 128. Leipzig 


(1933). 
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where the amount adsorbed is now expressed in moles, the concentration in 
moles per cc., and d in calories per mole of gas adsorbed. 

Experimentally, it is required that the isotherms for the weak adsorp- 
tion region be determined at various temperatures. A plot of log M/e 
against 1/T should yield a straight line, from whose slope the heat of 
adsorption can be calculated, and from whose ordinate (at 1/T = 0) the 
adsorption volume can be estimated. By a reasonable assumption for 4, 
the area of the surface involved can be calculated. 

Up to the present, investigations on adsorption by cellulose and cel- 
lulose derivatives have been concerned primarily with the adsorptive capaci- 
ties of these substances for water vapor. Urquhardt and Williams*® con- 
ducted a comprehensive series of experiments in this field, and their work 
was extended subsequently by others. In addition to water vapor adsorp- 
tion, adsorption of vapor of organic substances, such as alcohols, benzol, 
ete., has been studied.6 An excellent resumé of the present status of the 
subject with literature references has been given by Sheppard and Newsome." 

The conclusion reached from these researches is that the adsorption 
of water vapor is complex, consisting of at least two phases: (a) a 
primary surface adsorption, and (b) a capillary condensation. Adsorption 
of water molecules is assumed to occur first on the hydroxyl radicals of the 
surface; when these are saturated, the capillary pores begin to fill up with 
liquid water. The S-shape of the observed isotherms indicates that the 
pressure of the condensed water causes the micelles to move apart, thereby 
enlarging the capillaries and permitting further condensation. Cellulose is 
thus pictured as a swelling gel. 

This conception of the structure of cellulose has been drawn from the 
isotherms obtained experimentally for a range of pressures up to saturation. 
It is apparent that the data from such isotherms cannot be used to calculate 
the true surface area in the manner previously outlined, since the require- 
ment that the adsorption be weak is not fulfilled. Likewise, the calculation 
of adsorption heats will not yield the true heat of binding of the water 
molecule to the surface, but will give values intermediate between the true 
adsorption heat and the evaporation heat of water. 

In one investigation, carried out by C. Schuster,? the adsorption of 
sulfur dioxide on cotten and mercerized cotton was studied, and apparently 
a dilute adsorption region was found. The results will be referred to later. 

The present investigation was undertaken with the purpose of obtaining 
quantitative data concerning the surfaces of commercial wood-paper pulps. 
Comparative figures were of primary interest in order to find the changes 
in the surface properties caused by the beating process. 

It was considered desirable to work with feebly adsorbed gases in order 
that small absolute amounts would be taken up. Weak adsorption would 
thereby be obtained in an easily measurable pressure range. For this rea- 
son, carbon dioxide was first used. Later, water vapor isotherms were 
determined in two pressure regions, a high and a low. 


Adsorption of Carbon Dioxide 
(Experimental) 


Apparatus.—The conventional adsorption apparatus described by Pease * 
was used in these experiments. It was evacuated by a two-stage steel mer- 
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cury diffusion pump backed by a high capacity oil pump. Temperatures 
were maintained by jacketing the adsorption bulb in suitable vapor baths. 

Materials—The pulp samples were obtained from the Mannheim-Wald- 
hof Company,* and were simply lots of a bleached sulfite pulp taken at 
two different stages in the regular beating process; they consequently dif- 
fered from one another only in the amount of beating they had undergone. 
They were designated as ‘‘17 degree beaten’’ and ‘‘85 degree beaten,’’ the 
former, therefore, a slightly beaten pulp, and the latter a well beaten one. 
Hereafter they will be referred to as samples No. 17 and No. 85. 

The samples were prepared for use in the following manner: the wet 
pulp was washed on a suction filter, drained over night, and pressed between 
filter papers for a day. The still damp mat was then shredded into particles 
as small as possible. The sample was subsequently dried in air between 
95° and 100° C. for eight hours, and then placed in a desiccator over sul- 
furie acid until ready for use. About 10 grams of the dried material were 
packed into a glass bulb, and the bulb sealed directly to the apparatus. 
The pulps showed an ash content of 0.22%. 

Tank carbon dioxide, better than 99% pure, was withdrawn as needed, 
and dried by passing over calcium chloride. 

Procedure.—The following general procedure was adopted: the sample 
was evacuated 10 to 14 hours long at 100° C. At the end of that time no 
residual pressure could be read on the manometer, and no build up in pres- 
sure was noticeable on standing at temperatures less than 80° C. It was 
concluded, therefore, that, for the purposes of these experiments, the pulp 
was free of gases. 

The desired vapor bath was then substituted for the steam bath, and 
to allow attainment of temperature equilibrium, the sample was heated about 
two hours before an experiment was begun. 

A measured amount of carbon dioxide, sufficient to produce the desired 
initial pressure, was then introduced from the burette into the adsorption 
vessel, and the initial pressure produced was noted. The subsequent de- 
crease in pressure was followed at intervals until equilibrium was reached. 

The dead space was determined with nitrogen, no adsorption of this 
gas being observed. As is usual, from the amount of carbon dioxide 
taken, and the amount required to fill the dead space at the equilibrium 
pressure, the amount of gas adsorbed was calculated. 

In determining isotherms, the general practice is to add a fresh charge 
of gas to the sample after the first has come to equilibrium, and then 
measure the new equilibrium pressure. Here, because it was hoped that 
the kinetics of the process would yield useful information, the sample was 
evacuated after each equilibrium had been obtained, and ‘consequently . the 
points on the isotherms are all independent. This practice naturally leads 
to a wider spread of the data. 


Results 


ADSORPTION BY COTTON AND MERCERIZED CoTTON.—Some preliminary 
experiments were first carried out on the adsorption of carbon dioxide by 
cotton and mercerized cotton. The cotton was the absorbent cotton used 
in medical practice. The mercerized cotton was prepared from the same 


* Thanks are gratefully extended to the Mannheim-Waldhof Company, 
Ludwigshafen-am-Rhine, Germany, for so kindly supplying this material. 
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stuff by steeping four hours in a 20% solution of sodium hydroxide, then 
washing till no trace of hydroxyl ion existed, followed by drying at 100° 
C. in air. About a four-gram sample was packed into an adsorption bulb, 
and the general procedure outlined above was followed. 

The results are given graphically in Fig. 1, where the amount of gas 
taken up, expressed as ce, N.T.P. adsorbed per gram sample, is plotted 
against the pressure in mm. Hg. 


ocotton 
OMercerized Cotton 


4 ao m0 


60 60 
P.mm. 


Fie. 1. Adsorption of CO, by cotton and mercerized cotton. 


Within an error limit of about 10% the isotherms are straight lines 
up to 100 mm. pressure, and it can be assumed that weak adsorption was 
occurring. From the isotherms for the alkali cellulose, at 0° and 100° C., 
a heat of adsorption of about 750 calories and a surface area of 4.5 x 10° 
sq. em. per gram (assuming d to be 1 X 10) can be caleulated. Simi- 
larly, the two isotherms for the cotton, at 0° and 15°, give a heat of ad- 
sorption of about 1000 calories and an area of 1.4 X 10’ sq. em. per gram. 
It is hardly justifiable to make the calculations for the cotton because 
the temperature interval of 15° is so small and the experimental error 
correspondingly large. Yet the order of magnitude is about right, and one 
can safely say that the area of the mercerized cotton is two to three times 
that of the unmercerized. 

The results presented here are not widely different from those of 
Schuster for SO, adsorption, already referred to. For cotton, he caleu- 
lated a surface area of about 7 X 10°’ sq. cm. per gram and a heat of about 
1000 calories. Furthermore, he likewise found the adsorption by mer- 
cerized cellulose to be twice as great as that of cotton, indicating an area 
twice as large. 

ADSORPTION BY PAPER PuLp.—Before presenting the isotherms for the 
adsorption of carbon dioxide by the commercial paper pulps, it is pertinent 
to describe the general course of the adsorption. 

The kinetics—The take-up of gas, generally speaking, was a slow 
process, with the speed dependent on the temperature and pressure. In 
Fig. 2, some typical rate curves are presented, with cc. N.T.P. adsorbed 
plotted against time. These are all for the same pulp, No. 17, but for 
different temperatures and pressures, as indicated. Except in the one 
ease, that at 80° C. with 53 mm. initial pressure, they do not show the full 
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S6° P,* 121mm. 


80° P, 21038mm 
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Fig. 2. Rate of adsorption of CO, by pulp No. 17. 


course up to the time when equilibrium was obtained, for in the other in- 
stances, the final pressure was not reached until several days had passed. 
Eight days were required, for example, for the completion of the adsorption 
at 56° C., with 117.3 mm. initial pressure. 

In the initial stages of the process, a typical behavior is observed, for 
the rate is directly proportional to the pressure, and it decreases as time 
goes on. However, after a certain point the speed becomes fairly con- 
stant, the rate curves showing a straight line section. This comes forth 
most clearly in the experiments at lower temperatures. Eventually the 
curve flattens off again to give a more or less constant equilibrium value. 

A further point to be mentioned is that the rate is faster at the higher 
temperatures, and this is likewise true of the decrease in rate. Thus, more 
gas is finally adsorbed at lower temperatures than at higher, but the time 
required is longer. 

This kinetic behavior may be interpreted as indicating that, in the 
first part of the process, adsorption occurring on the easily available points 
of the surface was the rate controlling factcr, whereas after these places 
were occupied, diffusion into the cracks and crevices of the surface became 
rate governing; this diffusion speed would be more or less constant, de- 
pending chiefly on the external pressure which changed but little at this 
stage. Eventually, adsorption on the walls of the cracks and slits neared 
completion and the rate slowed down again. 

The isotherms.—This discussion of the kinetics of the adsorption indi- 
cated with what slowness the process took place. This slow speed had a 
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considerable effect, in a number of ways, on the accuracy with which the 
isotherms could be determined. 

In the first place, the long time required for the attainment of equi- 
librium precluded an exact determination of the equilibrium pressure. 
Naturally this was most pronounced at lower temperatures. At 0° C., for 
example, several attempts to obtain the isotherms were fruitless, for even 
after three weeks’ time, the equilibrium could not be ascertained with 
certainty; the points for the isotherms were not in agreement among 
themselves, and the apparent isotherm so obtained did not bear the proper 
relationship to those obtained at higher temperatures. 

A further effect of this long time factor was to limit the number of 
experiments which could be made at a given temperature, thereby limit- 
ing the number of points for the isotherm and consequently cutting down 
the certainty of its location. 

Finally, because experiments at lower temperature were not feasible, 
the working temperature range was appreciably narrowed. This, of course, 
affected the accuracy of the heat of adsorption and the area determina- 




















Fic. 3. Adsorption of CO, by pulps. 









tions, since calculations of these quantities are most trustworthy when the 
experiments extend over the widest possible temperature range. 

While a lower limit to the temperature range was set by the slowness 
of the process, an upper limit was brought in by the fact that slow de- 
composition of the samples took place between 90-100° C. Although the 
deterioration was small, it was enough to affect the pressure equilibrium 
at these temperatures, and prevented the possibility of getting true values. 
This fact was discovered some time after experimentation had been com- 
menced, and several evacuations had already been carried out at 100° C. 
However, since the decomposition was small, and since the advantages of 
evacuation at this higher temperature were considerable, the established 
procedure was continued. That the results were affected somewhat was 
indicated by the fact that adsorption at a given temperature was found 
to be about 12% less after a four months’ interval of experimentation. 

Adsorption was carried out at 56°, 69°, and 80° C. and in a pressure 
range up to 100 mm. Hg. The isotherms obtained are presented graphically 
in Fig. 3, ec. N.T.P. adsorbed per gram being plotted against mm. Hg. 
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From the graph, it is apparent that the isotherms show a linear rela- 
tionship between the amount adsorbed and the pressure, when amounts 
less than 0.1 ce. per gram are adsorbed. It is assumed, therefore, that 
weak adsorption is occurring. Calculations of the heat of adsorption give, 
in round numbers, \ = 4500 cal. for No. 17, and A = 8000 eal. for No. 85. 
Correspondingly, the adsorption volume comes out to be 2.7 X 10> ce. per 
gram and 1.0 X 10° ce. per gram, respectively. On the assumption that 
d=1X 10°, the surface areas are 2.7 X 10° sq. em. per gram and 
1.0 X 10° sq. cm. per gram, for No. 17 and No. 85 samples, respectively. 


Adsorption of Water Vapor 


Adsorption at high pressures.—In order to find out how the kind of 
gas affected the determination of surface area and surface characteristics, 
adsorption of water vapor by the pulp was undertaken. It was believed 
that the behavior of this gas towards the cellulose would be quite different 
from that of CO, both in the amount taken up and the speed with which 
this was accomplished. Actually, preliminary experiments fulfilled these 
expectations, very large quantities of vapor being adsorbed and steady 
pressures being obtained in one to two hours’ time. 

To carry out these experiments, an experimental arrangement of the 
type used by Taylor and Sickman® was adopted. The apparatus was modi- 
fied to include a small reservoir for distilled water and also a calibrated 
bulb of 269.2 ce. capacity. Vapor from the water bulb could be admitted 
into this vessel at the pressure corresponding to the water’s temperature, 
and then be displaced with mercury directly into the adsorption vessel. 
The water was, of course, distilled in vacuo to free it from all dissolved 
gases. The procedure as regards evacuation of the pulp samples was the 
same as that for the CO, adsorptions. The isotherm was obtained by add- 
ing successive quantities of vapor to the sample, waiting one or two hours 
between each addition for pressure equilibrium to establish itself. 

Isotherms were observed for the pressure range from 0.2 mm. to 10 
mm., and at the three temperatures, 55°, 71°, and 79°. Good reproduc- 
tion of the experiments was obtained on making duplicate runs. The 
graph, Fig. 4, shows the results, where, as usual, cc. N.T.P. adsorbed per 
gram have been plotted against pressure in mm. Hg. 

Examination of these curves indicates that in no instance are the 
isotherms straight lines. It seems that the curvature of the isotherms 
for sample No. 17 is greater than for No. 85, but in the initial portion of 
the isotherms no differences exist between the two, within the experimental 
error. It is just in this region, however (from 0.2-1.0 mm.), that the 
greatest errors in the measurements are to be expected, since with the 
mercury manometer employed, readings could be made with an accuracy of 
only 0.1 mm. It is also in this range that the results are of most interest. 

Assuming, however, that the isotherms are linear for the first two 
determinations made at each temperature, i.e., for amounts of adsorbed 
vapor less than 2 cc. (N.T.P.) per gram, and assuming that the two 
samples show no difference in adsorption, a calculation of the heat of 
adsorption and the area gives mean values of 12,700 calories and 1.2 X 10° 
sq. em. per gram, respectively. On the other hand, the calculated area 
of a monomolecular layer occupied by the molecules in 1 cc. N.T.P. 
amounts, approximately, to 1 X 10* sq. em., using 2 X 10 for the diam- 
eter of the molecule. Thus, it is obvious that, even in this region of pres- 
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Fig. 4. Adsorption of H,O vapor by pulp. 


sure, the conditions of weak adsorption are not being fulfilled, and that, 
consequently, the area cannot be calculated from these isotherms. 

Adsorption at low pressures.—These considerations made it clear that 
adsorption measurements had to be made in a pressure range about one 
order of magnitude lower than that used for the runs noted, that is, from 
0.01 mm. to 0.1 mm. Hg. To measure water vapor pressures in this region, 
a horizontal type Huyghens mercury-oil combination manometer” was 
constructed and substituted for the mercury manometer. It was calibrated 
in place against a McLeod gauge. Pressures could be read with this in- 
strument with an accuracy of 0.003 mm. Hg, the biggest error resulting 
from inconstancy of the zero point. 

The apparatus was further modified in that a calibrated bulb of 69.15 
ce. capacity was substituted for the larger bulb employed in the water 
vapor adsorptions at high pressures. With this arrangement isotherms 
were obtained in the temperature range from 36-66° C, and at pressures 
from 0.01 to 0.16 mm. Hg. .The procedure was the same as that adopted 
for the previous experiments with water vapor. Fig. 5 reproduces the 


Fie. 5. Adsorption of H,O vapor by pulp. 
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isotherms. These isotherms indicate clearly that a direct proportionality 
exists between the amount adsorbed and the equilibrium pressure, at least 
when amounts less than 0.2 ec. N.T.P. are adsorbed per gram. Curving 
of the higher temperature isotherms sets in when quantities greater than 
this are taken up. It is seen that No. 17 adsorbed some 15% more vapor 
than No. 85 at practically all temperatures. 

Calculation of the heat of adsorption yields practically equal values 
for the two samples, 8900 and 8200 calories for No. 17 and for No. 85, 
respectively. Correspondingly, the areas are 1.8 X 10° and 1.6 X 10° sq. em. 
per gram respectively. Since, when 0.1 ce. N.T.P. has been adsorbed, the 
area occupied by the molecules in a unimolecular layer would be about 
1 X 10° sq. em., they claim therefore only 1/1000 of the calculated area, 
and it is apparent that weak adsorption is taking place. 

In Fig. 6, the log (M/C) —1/T curves have been plotted for the ad- 
sorption of carbon dioxide, for the mean adsorption of water vapor in the 
high pressure range, and for the adsorption of water vapor at low pres- 
sures, by the two pulp samples, No. 17 and No. 85. Likewise, in Table 1, the 
caleulated heats of adsorption and the surface areas for these cases are 
collected for purposes of discussion. 


00 10 
at 


Fig. 6. Log (Moles/Cone) —1/T for CO,, H,O on pulps. 


Discussion 


A study of the data of Table 1 brings out clearly the wide differences 
in the behavior of the two gases towards the cellulose surfaces. With 
water vapor, large quantities are adsorbed with comparatively high heats 
of adsorption, and a large surface is available; furthermore, the two pulp 
samples show practically the same conduct in all respects. On the other 
hand, with carbon dioxide, small quantities are taken up and considerable 
variation exists between the two pulps. Not only are the amounts ad- 
sorbed in the observed temperature range quite different, but the heats of 
adsorption and the areas involved diverge considerably. 

Before attempting to interpret these findings, a critical examination of 
the data and the method rjay be made. The area calculations have all 
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TABLE 1 


HEATS OF ADSORPTION AND AREA OF SURFACE 


Gas r Area 
cal/mole sq. cm./gm. 


CO, 4,500 2.7 X 10° 
H:O 8,900 1.8 X 108 
H,O* 12,700 1.2 X 10° 


CO, 8,000 
H.0 8,200 
H,O* 12,700 


* Experiments at high pressure. 


been carried out on the basis that weak adsorption actually obtained. As 
pointed out previously, this is undoubtedly not true for the adsorption of 
water vapor at the higher pressures, and consequently those results will be 
omitted from further consideration. Contrary thereto, in the experiments 
with water vapor at low pressures, weak adsorption actually must have 
existed; first, because the isotherms are linear, and second, because of 
the 1000-fold difference between the area calculated from formula (2) and 
the area which could be claimed by the observed number of molecules ad- 
sorbed. The same considerations hold for the adsorption of CO, on 
sample No. 17. The case of carbon dioxide on No. 85, however, appears 
to lie on the borderline, because the required and the calculated areas are 
almost the same, about 10° sq. cm. per gram. (It can be mentioned here 
that an observed linear relationship of pressure—ce. adsorbed cannot al- 
ways be taken as the sole criterion of weak adsorption, because of a pos- 
sible compensation effect between the different factors which influence the 
shape of the adsorption curve.") 

An examination of formula (2) indicates that a small change in the 
heat of adsorption can cause a rather large change in the volume factor 
A.d, and hence in the calculated area, A. The necessity is evident, there- 
fore, of careful determination of the isotherms over as wide and as high 
a temperature range as possible. The limitations and difficulties at- 
tending these observations with cellulose have already been pointed out. 
The heats of adsorption of water vapor as obtained are believed to be 
about correct, and confidence is lent by the fact that they are very nearly 
equal for both pulps. It seems rather surprising, however, that \ for CO, 
on No. 85 comes out to be 8000 calories, about double that for No. 17. 
A lowering of this figure would give a larger value for the calculated area, 
and this would remove any doubt that the adsorption in this particular 
instance is not weak. Still, a reasonable explanation for the increase of \ 
with beating can be found, and so it can be taken as a reasonable result. 

The generalized experimental facts can be set down as the following: 
(a) the adsorption of water vapor is practically the same for both pulp 
samples, both as regards quantity taken up and the heat of adsorption. 
The area calculated is therefore equal for both samples. (b) The area 
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available for the adsorption of water vapor is greater than that for carbon 
dioxide, for both samples. (c) The adsorption of carbon dioxide is not 
the same for both pulps. First, the amount adsorbed by the well beaten 
sample, No. 85, is less than that taken up by the slightly beaten sample, No. 
17; and, second, the heat of adsorption on the former is greater than on 
the latter. These two facts combine to make the available area of No. 17 
considerably greater than that of No. 85. 

These facts lead to a picture of the irregularity and complexity of the 
cellulose surface, and lend some support to the present-day concept of the 
processes which occur during beating of paper pulp. 

Consideration of (a) in the above generalization will first be made. 
Referring back to the ultimate structure of cellulose, it has been found 
that the micelle, the building block of a cellulose fibre, is more than 500 A. 
long and 50 A. thick.” Calculating from these figures, and from the mass 
of the glucose residues contained in a micelle, it appears that a gram of 
micelles has a specific surface of about 10° sq. cm. From the data of 
Table 1, the observed area accessible to water vapor is about 1 to 2 X 10° 
sq. em. per gram. The conclusion is reached, therefore, that, in these 
pulp samples, the water molecules are actually creeping between the micelles 
and covering a portion of the micellar surface. The adsorption is not so 
strong or so extensive that the molecules penetrate into the micelle’s in- 
terior, for then both the calculated area and the observed heat of adsorp- 
tion should be higher than found. In agreement with this conclusion is 
the well-known fact that X-ray diagrams for native cellulose and native 
cellulose swollen in water are identical, indicating no penetration of the 
water into the micelle. 

Now it is generally admitted that, in the mechanical beating of paper 
pulp, the action is not so drastic that it reaches into the region of micellar 
dimensions, breaking up the micelles themselves into smaller fragments.” 
In other words, the surface of the micelles is not increased by beating. 
But since the water vapor adsorption serves as a means of measuring 
micellar areas, this adsorption will not be altered by a physical process 
which has no effect on the micellar area. Consequently, a well beaten pulp 
should show little or no tendency to adsorb more water vapor than a slightly 
beaten pulp. 

The isotherms of Fig. 5 would seem to indicate that beating actually 
caused a slight decrease in the amount of water vapor taken up. This 
may be due to the formation of a mucilage-like material which cements the 
micelles together, and prevents, to a certain degree, the access of water 
molecules to the micelles’ surface. It is to be pointed out that the samples 
used here were of commercial origin, beaten in air, and therefore chemical 
action as well as mechanical action may have taken place in the process. 

Other investigators have found little or no difference in the water 
vapor take-up of well beaten and slightly beaten pulps.» Their con- 
clusions were drawn for most part from the course of the whole isotherm, 
and could involve not only surface area but also pore space and other dis- 
turbing factors, in contrast to the results presented here, which have to do 
with surface only. 

On the other hand, Mark* has some results showing increase in water 
vapor adsorption brought about by beating. The conditions under which 
the beating were carried out were quite different from those prevailing in 
technical practice, however, chief among these being the exclusion of 
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oxygen. His starting material possessed an area of about 2 X 10° sq. em. 
per gram, indicating that originally only a small fraction of the micellar 
area was involved. Consequently, beating might be expected in this case 
to increase the surface measured by water molecules. It must be remem- 
bered that, in comparing the results of different investigations, the previous 
history of the pulp sample should be taken into account, as it may greatly 
influence the final results of the adsorption process. Little or no data 
are available on this point. 

There is nothing unusual in the second fact (b), that the area of a 
given sample is greater when measured with water vapor than when carbon 
dioxide is employed. As a comparable example, Kialberer and Schuster * 
have reckoned the areas of silica gel and bauxite from their adsorptive 
capacities for various gases, argon, carbon dioxide, ethane, ete., and find a 
variation in area from 10* to 10° sq. em. per gm. Such results indicate 
that in one case only a small fraction of the total geometrical area plays a 
role in the adsorption of a particular gas, whereas for another gas a larger 
fraction—perhaps the total surface—is operative. 

The conclusion to be drawn for the case in hand is that the pulp has a 
very irregular and complex surface, with different portions accessible to 
the two gases concerned. The accessibility of the surface is dependent on 
the mutual and reciprocal relationships between the gas molecule and the 
particular involved active points of the surface. Consequently, it is possible 
that the heats of adsorption of two different gases on a given surface may 
be approximately the same, although the areas involved may be widely dif- 
ferent. This is the case for sample No. 85, where the adsorption heat is 
8000 and 8200 eals. for CO, and H,O vapor, respectively, but the areas are 
10° and 10° sq. cm. per gm. Non-uniformity of surfaces has, of course, 
often been emphasized, and in general it can be said that a surface may be 
non-uniform in both its energy characteristics and in its structural make-up. 
This seems to be the case of the cellulose pulps dealt with here. 

These considerations lead to the idea that the surface of a cellulose fibre 
has many holes, slits, and crevices in it, making for a large total surface 
area. The carbon dioxide molecule can penetrate into these places and be 
adsorbed on the walls. The intermicellar area, both because of steric and 
energetic reasons, is practically “inaccessible to it. 

In order to explain the difference in adsorptive capacities for carbon 
dioxide shown by the two paper pulps (third fact (c)) the explanation of 
the beating process, furnished by Cottrall,” will be adopted. 

Cottrall believes the main effects of beating are to be explained by an 
increased area of contact between micro-fibres. This is brought about by 
splitting and breaking of the micro-fibres into smaller fibres through the 
mechanical treatment, and also by an increase of the flexibility of the fibres. 
The total area of contact between the fibres can thus be very considerably 
enhanced. He further pictures the micro-fibres as being bound to one 
another at the contact points by the residual valencies of the hydroxyl 
radicals on the surface. 

On such a basis, the decrease in surface as measured by carbon dioxide 
adsorption can be explained. Although the actual specific surface may be 
increased, the surface available for the gas can be decreased, due to the 
increased area of contact. Further, the holes and caverns may be collapsed, 
the cracks and crevices filled up. The net result, as far as the carbon 
dioxide molecule is concerned, is a smaller area accessible to it. 
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The observed increase in heat of adsorption of the carbon dioxide with 
beating can be accounted for on chemical grounds, as the beating was done 
in the presence of air. New groups may appear which fasten the carbon 
dioxide molecule more tightly. This increased heat of binding of molecule 
to surface helps also to explain the decreased adsorption. It is easy to 
imagine a molecule adsorbed tightly in the small mouth of a large cavern, 
completely blocking the entrance and denying the whole inner wall area of 
the cavern to other carbon dioxide molecules. Furthermore, because the 
molecule is more rigidly bound it has less two-dimensional movement over 
the surface, thereby decreasing the area which it claims. 

The increased contact area and increased number of bonds between 
neighboring surface hydroxyls should have no effect on the water vapor 
adsorption. The micelles themselves must be bonded together with residual 
hydroxyl valencies, and it has been pointed out already that water mole- 
cules are able to penetrate between the micelles to a certain extent. 

It is apparent that the ideas set forth to correlate the experimental 
results of this work can only be tentative, subject to modification through 
further experiment. Before the adsorption method can be expected to 
yield a more satisfactory picture of the character of the cellulose surface, 
and in particular of the changes in the surface as wrought by physical and 
chemical means, it is necessary to determine isotherms, over a wide tem- 
perature range, for gases which are adsorbed fairly rapidly. At the present 
time, further experiments are being undertaken in this laboratory with 
ammonia, sulfur dioxide, ethylene and other gases, with this object in mind. 


Adsorption of Methylene Blue 


It was of interest to ascertain the surface area of the pulps by another 
independent method, namely, that developed by Paneth.* This involves 
simply the colorimetric determination of the decrease in concentration of a 
methylene blue solution resulting when a dye-absorbing substance is added. 
The concentration change gives the amount of dyestuff adsorbed in equi- 
librium with the end concentration of the solution. With this information, 
and with the known area of the dye molecule, the area of the surface oc- 
cupied by the dye molecules can be calculated. The method rests on the 
assumption that a monomolecular sheath of dye molecules covers the surface. 

Experiments were made at room temperature, using about 0.1 gm. 
cellulose samples and 20 ce. of dye solution of varying concentration. 
About 48-60 hours’ immersion of the sample in the solution was necessary 
Lo complete the process. The decrease in concentration was determined 
with a Knorr colorimeter. 

The quantities of methylene blue adsorbed and the corresponding final 
concentrations of the solution are listed in Table 2. 

The data show that, for sample No. 85, the weight of dyestuff taken 
up is independent of the concentration of the solution, except for the lowest 
concentration employed, and an average value of 9.7 mg. absorbed per gram 
sample is obtained. For the other sample, No. 17, the adsorbed amount has 
practically reached its maximum value in a solution of 0.226 gm./liter, a 
further four-fold increase in concentration results in only a 3% increase in 
the weight taken up. Thus, here also, the amount absorbed is independent 
of concentration, and the resulting value is therefore 13.9 milligrams ad- 


sorbed per gram. 
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TABLE 2 


ADSORPTION OF METHYLENE BLUE BY Paper PULP 
Milligrams dye 












Concentration adsorbed per 

Pulp sample grams/liter gram sample 
No. 17 0.007 LA 
0.031 9.4 
0.035 12.0 
0.226 13.4 
0.430 13.5 
0.920 13.9 







0.010 0.6 
0.029 10.0 








0.033 9.2 
0.439 10.4 
0.950 9.3 








From the specifie weight of methylene blue, 1.41, and the molecular 
weight, 319.7, as given by ‘Paneth, one calculates that 1 milligram of the 
dye occupies about 10* sq. em. in a monomolecular layer, assuming that the 
dye molecule is cubic in form. From the absorption data, therefore, the 
area of sample No. 17 is 1.4 X 10° sq. cm. per gram, of No. 85, 1.0 x 10° 
sq. cm. per gram. 

Results of this method of determining areas must be considered very 
critically, chiefly because it is likely that the underlying assumption, the 
formation of a monomolecular layer, is not fulfilled. Rather, piling up of 
the molecules in holes and cracks is to be expected. It is merely to be 
pointed out that the areas calculated from these experiments are of the 
same order of magnitude and in the same direction as those obtained with 
carbon dioxide. 















Summary 


1. Adsorption isotherms for carbon dioxide and for water vapor on two 
paper pulp samples, one slightly beaten and the other well beaten, have been 
measured at temperatures ranging from 36° to 80° C. 

2. Weak adsorption was obtained for carbon dioxide at pressures below 
100 mm. Hg, and for water vapor at pressures below 0.1 mm. Hg. 

3. Heats of adsorption and areas of surface have been calculated. 

4. The adsorption of water vapor was practically the same for both 
pulp samples. The heats of adsorption were 8900 and 8200 cals. and the 
areas were 1.8 X 10° and 1.6 X 10° sq. cm. per gram, for the slightly beaten 
and for the well beaten pulp, respectively. 

5. The adsorption of carbon dioxide was different for the two samples. 
The heat of adsorption on the slightly beaten pulp was 4500 cal. and the 
area was 2.7 X 10° sq. em. per gram. For the well beaten sample the values 
were 8000 calories and 1 X 10* sq. em. per gram. 

6. A correlation of these results with the known structure of cellulose 
and with the present-day ideas concerning the effects of the beating process 
is presented. 
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T. Freres (SYNTHETIC AND NATURAL) AND FIBRE 
ANALYSIS 


Corton: EFFECT OF STORAGE PRIOR TO GINNING ON THE SPINNING QUALITY 
or. Nazir Ahmad. Indian Central Cotton Committee Tech. Lab., Tech. 
Bull., Series B, No. 19, Jan. 1935. 

One-half of each of three lots of Indian cotton was tested for fibre, 
length, fibre weight, wax content and character of spun yarns, while the 
other halves were stored on the seed for four weeks and then subjected to 
similar tests. In the case of two cottons, storage of seed cotton before 
ginning did not bring about any improvement whatever in fibre-properties, 
wax content or spinning performance, while it held the possibility of severe 
loss due to bacterial deterioration. In the case of one cotton only a small 
improvement in wax content and spinning performance was observed, but 
it would be rash to regard it as an argument in favor of delaying the 
ginning operation and to ignore the harmful effects of storage upon the 
quality of the seed and lint. If, by force of circumstances, it may become 
necessary to store the seed-cotton for a while before ginning, every pre- 
caution should be taken to ensure that the sample is dry, that it does not 
contain large quantities of dirt or trash and that the atmosphere in the 
store-room is neither particularly warm nor humid. If the period of stor- 
age should exceed a few weeks, the seed-cotton should be occasionally taken 
out and exposed to sun. (C) 


CoTTON CELLULOSE FIBRE: STRUCTURE OF THE—, ITS MODIFICATION BY THE 
Known REFINING PROCESSES AND THE EFFECT OF THE CHANGES IN 
STRUCTURE ON THE COURSE OF INDUSTRIAL PROCESSES. W. Schramek. 
Monatschr. Textil-Ind., 1934, V. 49, P. 241-4, 257-60, 289-92; 1935, V. 
50, P. 13; C. A., 1935, V. 29, Col. 3844. 

A review is given of the relation between the swelling of the cellulose 
fibre and its structure, the effect of NaOH on the cellulose fibre, the struc- 
tural chem. processes on which mercerization is based, and the cause for 
the frequent color defects in mercerized cotton stockings. Illustrations 
show the constitution of a cellulose mol. and of a cellobiose member, the 
fundamental cell of a native cellulose crystallite, and X-ray structures of 
the fibre after various treatments. Thirteen references. (W) 
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FIBRES AND THEIR SOLUTIONS: STRUCTURE AND MECHANICAL PROPERTIES. 
R. M. Jaffard. Russa, 1934, V. 9, P. 569-71, 649-50, 807-11, 881-85; 
1935, V. 10, P. 17-18; ef. J. T. I., May 1935, P. A261. 

In a general survey the author discusses the energetics and the kinetic 
theory of deformable bodies in general, the structure of cellulosic fibres 
and solutions, the viscosity of cellulosic solutions, load extension curves of 
natural and artificial fibres, and the phenomenon of rupture and the influence 
of various factors on it. (C) 


FREEZING PROCESS FOR CLEANING WOOLS OF FOREIGN MATTER. R. J. Wigg. 
Am. Dye. Rptr., May 20, 1935, P. 270-83; ef. Tex. Mfr., June, 1935, 
P, 242-4, 
A paper presented at the Northern New England Section of the A. A. 
T. C. C. describing the Frosted Wool Company’s process, with a report of 
the discussion following it. The apparatus is illustrated, and results are 
shown in photos and diagrams. (C) 


Frostep Woot. Edgar H. Barker. Tex. Wld., May, 1935, P. 97-100; ef. 

Bull. Lowell Textile Institute, May, 1935, Series 38, No. 4. 

‘¢Frosted Wool’’ is the name given to the newly discovered process 
which eliminates substantial and worthwhile amounts of grass, burrs, seeds, 
chaff, shive, pitch, tar, paint, grease, and earth impurities from sorted 
grease wool (sheared or pulled) and other similar animal fibres. The 
process is based on the established fact that the natural oily grease with 
which wool and similar animal fibres are lubricated by nature during growth 
will congeal and become solid at certain temperatures below zero, F. In 


the final analysis, from grease wool to finished fabric, using free wool, 
defective wool, or off sorts, alone or in combination the question of the use 
of the frosted wool process as compared with the usual method of process- 
ing, is solely one of eocnomic balance, with the difference very positively 
in favor of the frosted wool process. (C) 


Il. Yarns AND FABRICS 


CHEMICAL EXAMINATION OF TEXTILES: Various Cases or. V. H. 
Reumuth. Zeiss Nachr., 1934, No. 6, P. 25-8; Chim. et Ind., V. 33, P. 
442; Chem. Abs., 1934, V. 28, Col. 7029. 

A true ‘‘varnished fabric’’ (I) retains its gloss after immersion in 
water, while the imitation product (II) loses it. The compns. of the two 
fabrics were studied microscopically. I has a very close texture, and indi- 
vidual fibres are crushed locally, proof that the fabric was subjected to very 
high pressure at the calenders. On treatment with water, II swells and 
loses its gloss, which cannot be restored by pressure or by ironing. Extn. of 
I yields neither oil nor size; on treatment with Me,CO it shrinks and the 
filler finally dissolves. I consists of cotton warp and acetate filler, while 
II is all viscose. The gloss of I was produced by treating with an acetate 
solvent, followed by calendering which crushed the acetate fibres and at 
the same time spread a certain amt. of cellulose acetate over the whole 
surface of the fabric, rendering it glossy and water-resistant. (Copied 
complete from Chem. Abs., 1935, V. 29, Col. 3167.) (W) 
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CLOTHING MATERIAL: INTERCHANGE OF HEAT AS AFFECTING. M. C. Marsh, 
Report of Annual Meeting of British Association for Advancement of 
Science, Aberdeen, Sept. 1934, P. 289-90. (C) 


CoTTon FIBRES: PHYSICAL SIGNIFICANCE OF FUNDAMENTAL TECHNOLOGICAL 
PROPERTIES OF—AND THEIR RELATION TO SPINNING VALUE. D. F. 
Kapadia. Indian Textile J., 1935, V. 45, P. 127-31. 


An attempt has been made to show how a correct hypothesis can be 
evolved for understanding the relation of fibre properties to spinning values 
of cottons, and for anticipating the results of spinning tests. Lea and 
ballistic test results on yarns spun from the same cottons are analyzed. 
The spinning value as related to fibre length, fibre wt., and fibre strength 
is studied. The significance of prediction-formula for spinning value and 
its limitations are pointed out. (Copied complete from Chem. Abs., 1935, 
V. 29, Col. 3523.) (W) 


FILLING AND FINISHING TEXTILES. Richter. Monatschr. Textil-Ind., Feb., 

1935, P. 7-8; C. A., 1935, V. 29, Col. 4180. 

The value of the filling and finishing process and the advisability of its 
use in a particular case depends upon the future use of the textile. No 
objection can be made if the textile is not to be washed in its later use. 
The process involves the employment of starch, dextrin and glue. Oil and fat 
are also used to prevent the goods from becoming hard and brittle. Inorg. 
weighting agents as, e.g., kaolin are used if many missing threads must be 
replaced. The textile can be rendered soft by the use of sulfonated oils as, 
e.g-, monopol brilliant oil SO 100%. A certain degree of smoothness can 
be brought about by the use of tallow water-sol. A shiny finish is produced 
by mech. treatment with the addn. of waxes or wax-like substances. As 
the waxes cause difficulty because of their insoly. in water it is better to 
use in their place such water-sol. products as the paraffin tallofin, the Japan 
wax tallofin JW, the carnaubic wax tallofin C or the stearin tallofin AR. 
Wearable, non-washable finished goods are produced by the use of arti- 
ficial rosin or dissolved cellulose. (W) 


III. CHEMIcAL AND OTHER PrRocessina (Nor 
OTHERWISE CLASSIFIED ) 


SELF-ACTING WASHING AGENTS AND WASHING AIDS (BLEICH-SODA). Fritz 

Ohl. Allgem. Oel- u. Fett-Ztg., 1934, V. 31, P. 321-5. 

The per-salt type of bleaching agents, when properly used, are not 
damaging to fabrics. ‘‘Bleich-soda’’ (Na,CO, contg. 8-9% Na silicate) 
removes Fe and softens water. (Copied complete from Chem. Abs., 1935, 
V. 29, Col. 349.) (W) 


Sink WEIGHTING. Marion Chinn and Ethel L. Phelps. Rayon and Mell. 

Tex. Mo., May 1935, P. 55-6. 

A series of solutions of increasing concentration were used to investi- 
gate the manner in which the tin from the bath is retained by the silk. 
The relationship between the original concentration of the solution in the 
weighting bath and the per cent increase in the weight of the silk together 
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with the weight of the sample based on the dry weight and the per cent 
of stannic oxide found are noted in chart form. (S) 


SoLvENTS UTILIZED IN THE TEXTILE INDUSTRY. J. P. Sisley. Rev. gen. 
mat. color., 1934, V. 38, P. 368-70, 408-10, 479-83. 
S. enumerates a rather complete list of solvents used in the textile 
industry, classifying and describing them and their uses. (Copied com- 
plete from Chem. Abs., 1935, V. 29, Col. 1993.) (W) 


SUBSTANTIVE DyEING: THEORY oF. N. A. Krotova. Kolloid-Z., 1934, V 
69, P. 94-102; Chem. Abs., 1935, V. 29, Col. 348. (W) 


SUBSTANTIVE DYES OF THE f-DIKETONE TyPE. W. Lampe, J. Majewska- 
Mloszewska, T. Czystohorski and T. Skulimowski. Roczniki Chem., 
1934, V. 14, P. 222-32; Chem. Abs., 1935, V. 29, Col. 1987. (W) 


SULFONATED O1Ls. XVI. PROPERTIES WHEN USED AS AUXILIARY AGENTS 
IN Dye Barus. XVII. CALCIUM-SOAP-DISPERSING PROPERTY. K. 
Winokuchi. J. Soc. Chem. Ind., Japan 37, Suppl. binding, 1934, P. 
120-21; ef. Chem. Abs., 1934, V. 28, Col. 757. 

The addn. of sulfonated oils effects the dispersion of dyes, but the 
direction of the effect on dye absorption depends on the nature of the dye 
and of the fibre. 

Na ricinoleate prevents the pptn. of Ca soaps and Na sulforicinoleate 
acts even more powerfully, but Na oleate has no effect. The normal and 
acid salts of the sulfuric ester of ricinoleic acid will not degum silk, but 
alk. solns. of Na sulforicinoleate act more powerfully than NaOH solns. 
of the same alkali concen. (Copied complete from Chem. Abs., 1935, V. 29, 


Col. 1989.) (W) 


Tar CoLtor INDUSTRY: INTERMEDIATES IN THE. H. Bucherer. Chem.-Ztg., 

1934, V. 58, P. 857-8. 

The general effect of post war conditions on coal-tar intermediates in 
the dye industry is discussed. Advances in the methods of prepg. and mfg. 
certain types of org. compds. are briefly described. (Copied complete from 
Chem. Abs., 1935, V. 29, Col. 1988.) (W) 


TENDERING OF TIN-WEIGHTED S1LK DuRING PRINTING: CAUSES oF. Henry 
M. Kaufman. Tex. Col., 1934, V. 56, P. 759-60, 778; Chem. Abs., 
1935, V. 29, Col. 1254. (W) 


TrextTILE AIDS IN PRAcTICE. OFFERINGS, APPLICATION AND EXPERIENCE. 

Gerald Kosche. Z. ges. Textil-Ind., 1934, V. 49, P. 621-2, 634-5. 

A review of textile aids dealing with wetting agents, fibre preserva- 
tives, fat solvents, impregnation aids, delustering agents for rayon and 
aids used for the restoration of rayon. (Copied complete from Chem. Abs., 
1935, V. 29, Col. 1254.) (W) 


TEXTILE-CHEMICAL StupiEs. I. ConTrRIBUTIONS TO ULTRA-VIOLET MATCH- 
Inc. III. A Nearty IpeAL ULTRA-VIOLET PATTERN Process. Hans 
Freytag and Siegfried Preiss. Monatschr. Textil-Ind., 1934, V. 49, 
P. 209-11, 262-3; Chem. Abs., 1935, V. 29, Col. 2362. (W) 
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THIOUREA IMPROVES FastNEess or AceraTe. C. H. S. Tupholme. Tez. 

Col., 1934, V. 56, P. 689. 

Patents have been taken out by British Celanese, Ltd., for the use of 
thiourea for increasing the color fastness of dyeings on cellulose esters 
or ethers, especially of those dyed with anthraquinone derivs. contg. free 
amino or arylamino groups. The thiourea is fixed in the fabric with steam. 
(Copied complete from Chem. Abs., 1935, V. 29, Col. 1254.) (W) 


Toxicity OF ARTIFICIAL Dyres. L. Bonnet. Rev. gen. mat. color., 1934, 
V. 38, P. 417-19; Chem. Abs., 1935, V. 29, Col. 1254. (W) 


Two-coLor Errects ON Cotton Goons. 8S. Kosche. Z. ges. Textil-Ind., 

1935, V. 38, P. 58-9. 

Full directions are given for dyeing and bleaching cotton goods. A 
no. of indanthrene and Cirius dyes are mentioned which are applicable for 
the production of two-color effects. The production of three-color and 
more highly colored effects is also possible but more difficult. (Copied 
complete from Chem. Abs., 1935, V. 29, Col. 1989.) (W) 


Viscose: ACTION oF ALKALIES ON. L. P. Michel. Russa, 1934, V. 9, P. 

651-7. : 

A discussion of the effects on viscose of the use of alkali for re- 
moving sizing: loss of 1-5% in wt., swelling of the fibre, loss of up to 
15% in tensile strength, chem. modification in the fibre resulting in changes 
in affinity for dyestuffs. (Copied complete from Chem. Abs., 1935, V. 29, 
Col. 933.) (W) 


WASHING OF SILK AND Rayon: Dogs THE USE or ‘‘ BLEACHING SopDA’’ 
OFFER ANY ADVANTAGES IN THE? COMPARATIVE OBSERVATIONS AND 
Srupies or ‘‘ BLEACHING SopA’’ AND SODA WITH OTHER DETERGENTS. 
Fritz Ohl. Monatsh. Seide Kunstseide, 1934, V. 39, P. 386-9, 421-3. 
‘*Bleaching soda’’ are mainly mixts. of Na,CO, with 6-12% water 

glass. The advantages which bleaching soda has over Na,CO, are its soften- 

ing action on water and its pptn. of Fe salts from the wash water. Bleach- 
ing soda was found superior to Na,CO, in its cleansing power and caused 
less damage to the strength and color of the textile. Bleaching soda does 
not corrode Al and other metals used in the construction of washing 
machinery which are attached by Na,CO,. (Copied complete from Chem. 
Abs., 1935, V. 29, Col. 1645.) (W) 


WErTING-ouT AGENTS USED IN MERcERIZING. E. W. Klumph. Tez. Bull., 
1934, V. 46, P. 8; Chem. Abs., 1935, V. 29, Col. 349. (W) 


WooL: PROCESSES IN THE REACTION oF HALOGENS Upon. Hugo von Hove. 
Angew. Chem., 1934, V. 47, P. 756-62; Chem. Abs., 1935, V. 29, Col. 
605. (W) 


Woot: SoLuBILizeD Vat DyEs For. G. Raeman. Dyer, 1934, V. 72, P. 
535-7, 593-5, 636-9. 
The leuco compds. of the vat dyes can be converted into H,SO, 
esters, which are sol. in neutral or slightly acid water. The Indigosol and 
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Soledon dyes, which are examples of ‘‘solubilized vat dyes’’ formed in this 
manner, are discussed with regard to their prepn., application and prop- 
erties. (Copied complete from Chem. Abs., 1935, V. 29, Col. 2360.) (W) 


Woot: SoME RELATIONSHIPS BETWEEN THE CHEMICAL CONSTITUTION AND 
LEVELING PROPERTIES OF ACID DyES AS APPLIED TO. J. B. Speakman 
and H. Clegg. J. Soc. Dyers Col., 1934, V. 50, P. 248-65; Chem. Abs., 
1935, V. 29, Col. 605. (W) 


Woo. Fipres: SIMPLIFIED ANALYSIS FOR DyES ON—BY THE METHOD OF 
W. ZANKER. D. N. Griboedov and E. A. Veller. Trans. Leningrad 
Chem.-Tech. Inst., 1934, V. 1, P. 183-90. 


The method for the wash-stability of dyes given by W. Zinker and 
H. Rettberg in their book ‘‘Erkennung und Priifung von Farbungen’’ 
(Chem. Abs., 1933, V. 27, P. 1181) is very satisfactory for wool fibre. A 
table was worked out by means of which it can be used also for cotton 
fibres. (Copied complete from Chem. Abs., 1935, V. 29, Col. 2748.) (W) 


PLANT FIBRE: ACTION OF CATION-ACTIVE Fatry SUBSTANCES UPON THE. 

H. Bertsch. Angew. Chem., 1935, V. 48, P. 52-3. 

Cation-active fatty substances are surface-active compds. of the fatty 
series, which carry in the cation the fatty chain which is responsible for 
the surface activity. Their use in the textile industry is based upon the 
fact that they cause negatively charged suspended particles to discharge and 
ppt. The cations possess the property of accumulation at boundary sur- 
faces and adhere to the surface of a plant fibre so strongly that they form 
a film around it. A cotton fibre therefore becomes substantive for all 
negatively charged particles and the degree of substantiveness can be ad- 
justed at any level by the careful addn. of anion-active substances, pro- 
viding a simple soln. for the problem of substantive reviving. An important 
possibility is the pptn. of unreduced vat dyes as pigments upon the plant 
fibre in a very even manner, and the succeeding reduction and oxidation 
upon the fibre. Laurylpyridinium sulfate, C,H,N(C,,H,,)—O,SOH, was 
used for the expts., in which a viscose silk fibre was dyed, completely fast 
to light and rubbing, with freshly pptd. Fe(OH),. (Copied complete from 
Chem. Abs., 1935, V. 29, Col. 2362.) (W) 


TV. Research METHODS AND APPARATUS 
IMPURITIES IN PLANT FipRES: NEW METHOD FOR THE DETERMINATION OF 

PERCENTAGE OF. A. Zakoshchikov. Faserforschung, 1934, V. 11, P. 

177-87. 

The plant fibres are treated with Schweitzer’s reagent which dissolves 
the cellulose. The impurities are filtered off, washed, dried and weighed. 
Method: Weigh 1.5 g. raw cotton (or 3.0 g. purified) into a weighed, glass- 
stoppered, sintered-glass filter funnel. Boil HCl vapor up through the 
funnel to neutralize the acid for about 30 sec. Wash the filter with 500 ce. 
hot (80-90°) distd. water and 15 ec. 25% NH,OH. Close the lower end of 
the funnel with a rubber stopper and add 50 ec. Schweitzer’s reagent. 
Shake for 2 min. Filter and wash with 30-40 ce. Schweitzer’s reagent. 
Repeat the treatment and wash with Schweitzer’s reagent if inspection 
shows any undissolved ¢ellulose. Wash with 50 ec. 5% H,SO, at 50-60° 
to dissolve any CuO. Wash acid free with distd. water and dry at 105° to 
const. wt. The best conen. of the Schweitzer’s reagent is 18 g. Cu and 
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150-60 g. ammonia per 1., to which 8 g. of 50% NaOH is added. This 
method of analysis takes 20-5 min., plus the drying time, and is more 
accurate and speedier than the old H,SO, method. For raw linters contg. 
about 4% impurities the detn. varied 0.5% from the average. (W) 


LIGHT-FASTNESS: APPARATUS FOR StTuDy or. J. F. H. Custers. Chem. 
Weekblad, 1935, V. 32, P. 50-2 (through Brit. Chem. Abs., B, 1935, P. 
267); ef. J. T. I., May, 1935, P. A266. 

The apparatus consists of a 750-watt (50 amp.) gas-filled, W lamp 
placed at the focus of a Cr-plated, H,O-cooled, semi-ellipsoidal reflector. 
The sample under investigation is situated at the second focus on a H,O- 
cooled metal slide to prevent overheating and is covered with a cell con- 
taining CuSO, solution to remove light of low \. Absorption curves show 
that Emax, is situated at 560m and the distribution of energy closely re- 
sembles that of summer sunlight. Illumination is much more intense than 
with sunlight and is constant. Results obtained with 8 standard blue types 
of the Deutsche Echtheirskommission on wool and 30 offset litho-inks are 
parallel with those obtained under natural conditions. The time of ex- 
posure is reduced about 150 times. (C) 


PROCESSING RESEARCH. W. M. Scott. Tex. Wid., June 1935, P. 78-9. 

The author, who has been prominently identified with various phases 
of textile research work, summarizes briefly and accurately what he terms 
the ‘‘remarkable increase in the amount of research on subjects relating 
to the processing of textiles’’ in this country. The results of completed 
researches are briefly summarized, and the most important studies in 
progress are listed. (C) 


SrarcH: POLARIMETRIC DETERMINATION. C. Y. Hopkins. Canadian J. 

Res., 1934, V. 11, P. 751-8; ef. J. T. I., May, 1935, P. A271. 

An adaptation of the method of Mannich and Lenz has been developed 
for the determination of starch in wheat and certain wheat products. The 
procedure consists in dispersing the starch in a fairly concentrated calcium 
chloride solution, filtering and polarizing. Practical details are given to- 
gether with the results of tests on wheat starch and various mixtures con- 
taining starch. The method avoids the errors inherent in hydrolytic meth- 
ods and is accurate in the presence of proteins, sugars and hemicelluloses. 


(C) 


TEXTILE INVESTIGATIONS: TRENDS IN. G. Krauter. Textile Forsch., 1934, 

V. 16, P. 24-6; C. A., 1935, V. 29, Col. 4180. 

The two chief trends are (1) to exam. the fibres only scientifically for 
their phys. and chem. properties and to leave it to practice to evaluate the 
results obtained and (2) to study the fibres and their properties during 
their consumption and to work in close co-operation with the trade. Of 
these two the second road is preferable and includes investigations on the 
use of textiles as well as the working up of good methods of testing. 
Several examples are cited. (W) 


WATERPROOF OR WATER-REPELLING IMPREGNATION: SYSTEMATICS AND CRITI- 
CISM OF THE METHODS OF TESTING FoR. Theodor Stenzinger. Monat- 
schr. Textil-Ind., Feb. 1935, P. 15-19; C. A., 1935, V. 29, Col. 4183. 
A detailed crit. discussion of all the methods described in the literature 

giving their advantages and disadvantages. As in all cases the methods 
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are based upon the effect of water on the textile; they are classified into 
these four groups: (1) water stationary, textile stationary; (2) water in 
motion, textile stationary; (3) water stationary, textile in motion; (4) 
water in motion, textile in motion. In addn. to these four main groups a 
no. of subgroups are recognized. (W) 


Woo: DETERMINATION OF SuLFuRIC Acip IN. J. Barrett. J. T. I., 1935, 
V. 26, P. T87-92; C. A., 1935, V. 29, Col. 3845. 
H.SO, is extd. from wool with a 0.5% soln. of pyridine in one-half hour 
and titrated directly with NaOH. The method is compared with the tere 
phthalic acid and triethanolamine methods. (W) 


Woot DAMAGE: PHYSICO-CHEMICAL METHODS FOR THE DETERMINATION OF. 
A. Itkina and Plechan. Teztilber., 1935, V. 16, P. 45-6, 106-8; ef. 
J. T. I., May, 1935, P. A261; C. A., 1935, V. 29, Col. 4182. (C) 


V. Economics AND MISCELLANY 


NoISE AND EFFICIENCY OF WEAVERS. Tex. Mfr., May, 1935, P. 190. 

Abstract of Report 70 of the Industrial Health Research Board cover- 
ing effect of noise in excess of 80 decibels (that of average weave shed is 
given as about 96 decibels) on weavers, ear plugs being used to damp the 
noise. The experiments indicated that reduction of noise to 81 decibels 
increased personal efficiency of weavers 744%. Further reduction of noise 
is not expected to give proportional results. (C) 


TexTILE Mitt Licutine. L. A. Burdette. Am. Wool g Cotton Rptr., 
April 18, 1935, P. 7-8. 
Paper read at meeting of textile division of the A. S. M. E. at Green- 
ville, S.C. (C) 


Woot Grease: Uses or. H. Berg. Seifensied., Augsburg, 1934, V. 61, P. 
303 (through Teatilber., 1935, V. 16, No. 1E, P. 32); J. 7. I., May, 
1935, P. A268. 

Neutral wool fats can be used very well for increasing the viscosity 
and improving the lubricating qualities of mineral oils, and both heavy as 
well as thin oils can be treated in that way. The most suitable mineral oils 
are those with a marked green fluorescence. Too much wool fat must not 
be added to the thin oils. The best plan is first to make a mixture of heavy 
mineral oils which is, in turn, mixed with thin oils until the requisite con- 
sistence has been attained. Another method consists in ‘making use of the 
wool fatty acids and their magnesium soaps obtained from raw wool grease 
for stabilizing the mixture of oil and wool grease. Oils of that type are 
specially suitable for lubricating steam cylinders, Russian oils being better 
adapted for the purpose than American. Wool grease can also be used as 
a rust protective agent. Emulsions can also be prepared from the raw wool 
grease simply by saponifying it in admixture with mineral oil and then 
diluting with water. These emulsions are milky white in color, but cannot 
be kept indefinitely. Perfectly stable emulsions can, however, be produced 
by first saponifying the wool grease. Wool grease is also used for road 
construction, for making tar-board, for cup grease, in the leather trade, for 
lubricating wire cables, and in the sugar, cable, electric, putty, and linoleum 
industries. (C) 





